Direct modulation of the secretory machinery underlies PKA-dependent synaptic facilitation in hippocampal neurons.
Activation of protein kinase A (PKA) is known to facilitate synaptic transmission. Using synapses established by hippocampal neurons in culture, we show that dialysis of PKA inhibitors in the presynaptic neuron blocks synaptic facilitation produced by the adenylyl cyclase activator forskolin, demonstrating a presynaptic locus of action. Using ruthenium red, a tool that is known to stimulate exocytosis independently of Ca2+ influx, but in a manner sensitive to tetanus toxin, we find that the secretory process is directly up-regulated under conditions where the number of functional terminals remains unchanged, as revealed by imaging of FM1-43, a vital indicator of synaptic vesicle endocytosis. Taken together with our ultrastructural analysis that suggests no enhancement of docking, our data indicate that PKA causes synaptic facilitation by directly elevating the probability of exocytosis of individual vesicles in response to an invariant Ca2+ signal.